Introduction: Current treatment options for immature permanent teeth with pulpal necrosis include both apexification and regenerative endodontics. The purpose of this study was to survey endodontists on the use of these 2 treatment options. Methods: Surveys were created by using Qualtrics and Teleform software and distributed by using the Salant and Dillman method. Endodontists (n = 1615) in 4 geographically and demographically diverse states, North Carolina, New York, Texas, and California, were surveyed. Data were analyzed by using descriptive statistics and c 2 analysis. Level of significance was set at 0.05. Results: A 32.9% response rate was obtained. The majority of responders reported that apexification was the treatment of choice when considering the evidence base supporting the treatment (60%) and the predictability of treatment outcome (77.8%). Apexification was also the preferred treatment by 57.3% of respondents when asked to consider patient compliance, by 51.2% when considering the number of required patient appointments, and by 53.3% when considering the likelihood of tooth discoloration. Regenerative endodontics was reported as the preferred treatment by 89% of respondents when considering continued root development and by 66.7% when considering apical closure. The respondents' age and continuing education courses taken were significantly associated with their preferred treatment option. Conclusions: The results of our study indicate that endodontists consider both clinical and patient factors when treating immature teeth with pulpal necrosis. Increase in continuing education options may increase adoption of regenerative endodontic therapy. (J Endod 2017;43:910-915) 
T he primary aim of nonsurgical root canal treatment is chemomechanical debridement, followed by obturation of the root canal system. In immature teeth obturation of the root canal system by using conventional techniques can be challenging. In addition, the long-term survival of these teeth is compromised because of large apical diameters and short roots. Despite these limitations, immature permanent teeth diagnosed with pulpal necrosis have been successfully treated by using different treatment options such as apexification and regenerative endodontics (1) (2) (3) (4) .
Historically, immature teeth with necrotic pulps were first treated with calcium hydroxide during an extended period of time to induce the formation of a hard tissue barrier at the apex (5) . A potential disadvantage of this treatment option is that long-term calcium hydroxide may increase the likelihood of tooth fracture (6) (7) (8) . The multiple appointments needed and the long treatment period may result in possible reinfection of the root canal system (9, 10) . Mineral trioxide aggregate apexification was introduced as an alternative to calcium hydroxide apexification and has comparable success rates (11) (12) (13) (14) . Despite the successes of both mineral trioxide aggregate and calcium hydroxide apexification, immature teeth have a high risk of fracture because of the thin dentinal walls (3, 15) . To address these challenges, a new treatment alternative termed regenerative endodontics was reintroduced.
Regenerative endodontics, first introduced in the 1970s by Dr Nygaard Otsby, is a biologically based procedure designed to replace damaged tooth structures by regenerating the pulp-dentin complex by using the principles of tissue engineering (16) . With the development of new materials and techniques, immature permanent teeth can now be successfully treated, resulting in complete root development (3, 4, 17) . The American Association of Endodontists has accepted this treatment approach as being within the scope of endodontics. All postgraduate endodontic programs are now required to teach regenerative endodontics both didactically and clinically.
Despite the increased emphasis on regenerative endodontics, data on the frequency of use of this treatment by endodontists and the factors that influence their decision to choose regenerative endodontic therapy versus apexification procedures are very limited. A survey of 100 diplomates of the American Board of Endodontists in 2009 reported that although most responders indicated that regenerative endodontics should be incorporated into endodontic treatment, about 50% were not convinced of the success of regenerative endodontic procedures (18) . A more recent survey published in 2012 queried 32 dental residents (endodontics, pediatric dentistry, orthodontics, periodontics, prosthodontics, and general dentistry) (19) . Eighty-five percent of those surveyed had not received any formal training or continuing education (CE) courses in regenerative endodontics, and consistent with the previous survey, about 55% of dentists questioned the success of regenerative endodontics. Although both of these surveys provide useful information, the number of practitioners surveyed is quite small and is not representative of endodontists across the country.
The purpose of the current study was to determine the utilization and preferences of treatment methods for immature teeth with pulpal necrosis by surveying a more representative number of endodontists in 4 geographically diverse states. We hypothesized that the choice of treatment method is related to the endodontists' perception of clinical (evidence base, predictability of outcome, continued root development, and apical closure) and patient factors (patient compliance, number of required appointments, likelihood of tooth discoloration, and long-term tooth survival) as well the endodontists' own training and experience.
Materials and Methods
This study was approved by the Biomedical Institutional Review Board of the Office of Human Research Ethics at our institution. Endodontists licensed to practice in the states of North Carolina (NC), New York (NY), California (CA), and Texas (TX) were surveyed by using lists of registered providers in each state. The survey was designed to determine the frequency with which children with pulpal necrosis of their immature permanent teeth were seen. In addition, the survey investigated the experience of the clinician and how certain clinical and patient factors influence their preferred choice of treatment. The clinical factors considered included evidence base, predictability of outcome, continued root development, and apical closure. The patient factors were number of required appointments, long-term tooth survival, patient compliance, and likelihood of tooth discoloration. Potential explanatory variables included state, frequency by which children with pulpal necrosis were seen, education during residency, CE courses in apexification and regenerative endodontics, age, race, and practice type.
Following survey design guidelines, survey questions were evaluated by a public health survey specialist (C.P.) to ensure that they met the objective of the study and that the responses would allow statistical analysis. Then the survey was pilot tested by a group of endodontic residents and faculty for clarity. The survey was created both in electronic form by using Qualtrics software (Qualtrics, Provo, UT) and in paper format by using Teleform (Cardiff Software, Vista, CA). The latter was used for providers who did not respond to the electronic version of the survey or for those whose email addresses were not listed on the states' registry. By using the method of Salant and Dillman (20) with a recommended 3 contacts per respondent, 2 additional reminder emails were sent to non-responders at 2-week intervals. After closure of the Qualtrics survey, all non-responders were mailed a paper format of the survey. Each mailed envelope contained a cover letter and a copy of the survey. All responses obtained electronically were first anonymized to maintain provider confidentiality. Similar to the electronic surveys, the paper responses were coded by using a unique identifier to protect the confidentiality of the providers. The electronic and Teleform responses were merged into a master SAS (SAS Institute Inc, Cary, NC) data set. Providers were excluded from data analysis if they did not perform endodontic procedures on children or if they were retired or not actively practicing endodontics.
Bivariate (c 2 ) analysis was used to explore the effect of the explanatory variables on the preferable choice of treatment for each of the clinical and patient considerations. Level of significance was set at 0.05.
Results
The electronic and/or paper formats of the survey were distributed to 1615 endodontists in the states of NY, CA, TX, and NC. A 32.9% response rate (n = 532) was obtained. Of these, 56% responded to the Qualtrics survey and 44% to the paper version. Sixty-nine endodontists indicated that they do not perform endodontic treatment on children and were excluded from the analysis.
Respondent demographics are reported in Supplemental Table 1 (available online at www.jendodon.com). The majority of respondents were male (83%). Most endodontists (74.9%) worked either in a group practice or as a solo practitioner, with the remaining providers practicing in an academic or public health setting. Approximately half of providers (54%) were in the age range of 36-55 years, and majority (73.3%) identified as white or Caucasian.
Endodontic Training and Practice
The frequency of pulpal necrosis, graduate training, and CE courses taken by endodontists who perform endodontic treatment on immature permanent teeth are presented in Supplemental Table 2 (available online at www.jendodon.com). Approximately 16% of providers reported that they frequently diagnosed pulpal necrosis in immature permanent teeth, whereas 49.5% reported that they only occasionally saw such patients in their practice. Fifty-three percent of responders performed both regenerative endodontics and apexification procedures in their practices, and 34.5% of endodontists indicated that they only performed apexification. When asked whether they were taught regenerative endodontics and/or apexification during their residency training, 66.5% indicated that they were not taught regenerative endodontics but only apexification. CE courses in regeneration or apexification had only been taken by 53.4% of the respondents. The majority of respondents (85.7%) indicated that they never refer to another local endodontist or pediatric dentists, whereas 14.3% indicated that they sometimes do.
Explanatory Variables
Thirty-one percent of practitioners in the age group of 25-35 years and 47% of practitioners in the age group of 36-45 years were taught both apexification and regenerative endodontics, whereas most practitioners older than 46 years were mainly taught apexification during their residency training programs (Table 1 and Supplemental Table 3 [available online at www.jendodon.com]). Most practitioners older than the age of 35 were more likely to report that they had not taken any CE courses in apexification or regenerative endodontics. Forty-seven percent of practitioners who were taught both treatment methods were more likely to report that they had not taken any CE courses. Graduate courses taught and the age of the practitioners were found to significantly influence whether practitioners took any CE.
Treatment Choice Considerations: Clinical Factors
The majority of endodontists reported that apexification was the treatment of choice when considering the evidence base supporting the treatment (60%) and the predictability of treatment outcome (77.8%) (Supplemental Table 4 is available online at www.jendodon. com). Regenerative endodontics was reported as the preferred treatment by 89% of respondents when considering continued root development and by 66.7% when considering apical closure (Supplemental Table 4 is available online at www.jendodon.com). Treatment most frequently used in practice and type of CE courses taken appeared to influence the choice for both factors. Age was significantly associated only with the preference of treatment when apical closure was considered (Table 2) . State, practice type, frequency of pulpal necrosis seen, courses taught during residency, and frequency of referrals were not found to influence the treatment choice (Supplemental Table 5 is available online at www.jendodon.com).
Treatment Choice Considerations: Patient Factors
Apexification was considered the preferred treatment by 57.3% of respondents when asked to consider patient compliance, by 51.2% when considering the number of required patient appointments, and by 53.3% when considering the likelihood of tooth discoloration (Supplementary Table 4 is available online at www.jendodon.com). The age of the practitioner, courses taken during residency, and the method used in practice appeared to significantly influence the preferred treatment when patient compliance and number of required patient appointments were considered (Table 3) . Practice type was also significantly associated with the treatment preference when patient compliance was considered (Table 3) . Regenerative endodontics was the preferable treatment option for 68.5% of the respondents when considering long-term tooth survival. Age of the practitioner, CE courses, and the method(s) used in clinical practice were significantly associated with this preference (Table 2) . State, gender, race, referral of patients, and frequency of pulpal necrosis were not found to statistically influence the choice of treatment for any of the patient factors.
Discussion
Although there have been significant advances in the field of regenerative endodontics as exemplified by the extensive number of publications on this topic, dissemination of new findings to clinicians and the acceptance of evidence-based methods into clinical practice frequently lag behind publication of research findings (21) (22) (23) . The purpose of this survey was to assess the current clinical utilization of regenerative endodontics and apexification and to explore factors that might affect the decision-making process. This investigation found that respondents' age and CE courses taken were significantly associated with their preferred treatment option.
The states of NY, TX, CA, and NC were surveyed not only because they are geographically and demographically diverse but also because these states have the highest number of endodontic training programs. The response rate was 32.9%, which, although low, is consistent with other surveys of professionals (24) (25) (26) (27) (28) . Most survey research is distributed by using 1 mode of distribution such as face-to-face interviews, electronic surveys, or phone interviews. A dual mode of distribution was chosen in this study to increase the number of responses as advocated by Salant and Dillman (20) .
The frequency of dental trauma to immature permanent teeth ranges from 4% to 66%, with pulpal necrosis being the most prevalent post-traumatic event (29) (30) (31) . Because of the reported frequency of pulpal necrosis, it was surprising that only a small percent of responders reported seeing children diagnosed with pulpal necrosis a few times a month or more often. This raises an important question. If the prevalence of pulpal necrosis of immature permanent teeth is moderate to high but the frequency by which those children are being diagnosed and treated is low, is this condition being under diagnosed and therefore not being treated? We considered the possibility that the endodontists surveyed in this study may be referring their patients to pediatric dentists because of concerns on behavioral management. However, 86% of the respondents reported that they never refer their patients to another local endodontist or to a pediatric dentist. It is also possible that these children are being treated by pediatric dentists. This is best answered by conducting a study similar to this one surveying treatment preferences in pediatric dentists. A clinician's perception of a treatment is shaped by the formal education received, CE course taken, as well as their own clinical experience (32, 33) . Respondents who indicated that they were only taught apexification (67%) were more likely to prefer apexification than regeneration. Although there are very few short-term or long-term outcome studies on regenerative endodontics, private practice experiences may influence a practitioner's perception when considering long-term tooth survival and opting for regenerative endodontics over apexification.
Conclusion
The results of our study indicate that the factors that influence the decision to choose between regenerative endodontic treatment and apexification include residency training, CE courses taken, age, and practice type. The geographical location in which the endodontist practices does not influence their preferred treatment option.
